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US Patent Applicatton Senat No. 09/921 022 

Amendment Dated 5/19/04 

Reply to Office Action Dated 3/24/2004 

Amend ments to the Claims 

The listing of claims will replace all prior versions, and listings, of claims in 
the application. 

Listing of Claims- 

1 . (Currently Amended) A method for reducing the slew rate of transition 
edges of a digital signal on arLouteutnode of an integrated circuit, 

comprising: 

connecting a first switchably conductive device characterized by a first 
threshold voltage of a given polarity between said node output node nf ..h 
integrated circui t and a voltage source, said first switchably conductive device 
having a control input connected to a first input signal to allow current conduction 
from sa,d voltage source to said node output node of s.iH ^.v^. ^^en 

a voltage level of said first input signal is equal to and greater than said first 
threshold voltage and to disallow said current conduction when said voltage level 
of said first input signal is less than said first threshold voltage; 

connecting a second switchably conductive device independent from said 
first switchably conductive device and characterized by a second threshold 
voltage of said given polarity greater than said first threshold voltage between 
said Bode output node of said intPqr^terl rirniit and said voltage source said 
second switchably conductive device having a control input connected to a 
second input signal to allow current conduction from said voltage source to said 
^ output node of said integrated cirri lit when a voltage level of said second 
input signal is equal to and greater than said second threshold voltage and to 
disallow said current conduction when said voltage level of said second input 
signal is less than said second threshold voltage; and 

connecting a driving signal as said first input signal of said first switchably 
conductive device and as said second input signal of said second switchably 
conductive device; 
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wherein said first switrhah iy conductive devics and ^aid second 
swltchabiy condu ctive de vi ce together ooRrate to redncp the slew ratP of 
transition edges of said oiitput' signal dr iven onto said output pari of salH 
integrated circuit 

2. (Currently Amended) A method In accordance with claim 1, comprising: 
connecting between said node output node of said intenrgted circuit and 
said voltage source one or more additional independent switchably conductive 
devices each characterized by a respective threshold voltage of said given 
polarity but different than said first threshold voltage, said second threshold 
voltage, and each other respective threshold voltage, each said one or more 
additional switchably conductive devices having a respective control input 
connected to a respective input signal to allow current conduction from said 
voltage source to said nede output nods n f said intenratPH nim, ,» when a voltage 
level of said respective input signal is equal to and greater than said respective 
threshold voltage and to disallow said current conduction when said voltage level 
of said respective input signal is less than said respective threshold voltage; and 

connecting said driving signal as said respective input signal of said 
respective switch of each of said respective one or more additional switchably 
conductive devices; 

wherein said first switchahly r onductive dsvice. said second switchahiy 
conductive device, and said respective, o ne or more additional inde p^ndPnt 
switchablv conductive riRyjces tooettift r operate to reduce the slew rat^ nf 
transition edges of said output sinn a i driven onto said output pad of said 
integrated circuit . 

3. (Currently Amended) An output driver that drives an output signal onto 
an output pad apparatuo for roducinn thn pI p ^i» mtn nf t rnn--:i tion cdgcc of a digital 
signal on a nodo of an integrated circuit, comprising: 

a first switchably conductive device characterized by a first threshold 
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voltage of a given polarity, said first switchably conductive device connoctod 
botwQ o n said nodo coupled between said output pad of said integrated circuit 
and a voltage source and having a control input connected to a driving signal to 
allow current conduction from said voltage source to said mde output pad when 
a voltage level of said driving signal is equal to and greater than said first 
threshold voltage and to disallow said current conduction when said voltage level 
of said driving signal is less than said first threshold voltage; and 

a second switchably conductive device independent from said first 
switchably conductive device characterized by a second threshold voltage of said 
given polarity greater than said first threshold voltage, said second switchably 
conductive device Gonn e ct o d between sa i d nodo coupled between said cutout 
pad of sai d integrated circuit and said voltage source and having a control input 
connected to said driving signal to allow current conduction from said voltage 
source to said nodo output pad when a voltage level of said driving signal is 
equal to and greater than said second threshold voltage and to disallow said 
current conduction when said voltage level of said driving signal is less than said 
second threshold voltage; 

wherein said first switchably conductive device and said second 
switchabl v conductive device together operate to reduce the slew rate of 
transition edges of said output signal driven onto said output pad of s^id 
integrated circuit . 

4. (Previously Presented) An apparatus in accordance with claim 3. 
wherein said first switchably conductive device comprises a single field effect 
transistor (FET) and single second switchably conductive device comprises a 
single field effect transistor (FET). 

5. (Currently Amended) An apparatus in accordance with claim 3, 
comprising: 
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one or more additiona/ independent switchably conductive devices each 
characterized by a respective threshold voltage of said given polarity but different 
than said first threshold voltage, said second threshold voltage, and each other 
respective threshold voltage, each said one or more additional indeEendeot 
switchably conductive devices connected between said «ode output pad and said 
voltage source and having a respective control input connected to said driving 
signal to allow current conduction from said voltage source to said node output 
fiad when said voltage level of said driving signal is equal to and greater than 
said respective threshold voltage and to disallow said current conduction when 
said voltage level of said driving signal is less than said respective threshold 
voltage; - _ 

wherein said first switchab ly oo nductive dftvire . said sficonri «v..it^hohty 
conductive device, and said respective nn^ o r more arirlitinnal inden^nH^nt 
switchably gonductive deviofts toa^th>.r o p erate to mrtur^ the slaw rat^ nf 
transition edges of said output signal rir j yen onto ^^.ri output oad ofs^iH 
integrated circnif 

6. (Currently Amended). An apparatus in accordance with claim 5. 
wherein said first switchably conductive device comprises a single field effect 
transistor (FET) and single second switchably conductive device comprises a 
single field effect transistor (FET). and said one or more additional switchably 
independent conductive devices each comprises a single field effect transistor 
(FET). 

7. (Currently Amended) A method for controlling the slew rate of 
transition edges of a digital signal on a-node an output nncic. of an integrated 
circuit, said method comprising the steps of: 

driving, with a driving signal, a first switchably conductive device 
characterized by a first threshold voltage of a given polarity and connected 
between said node o utput node of said intenr^t^ri nirn„» and a voltage source, 
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said first switchably conductive device having a control input connected to said 
driving signal o aMow cun-ent conduction from said voltage source to said mde 
output node of said integrated nirntiit when a voltage level of said driving signal is 
equal to and greater than said first threshold voltage and to disallow said current 
conduction when said driving signal is less than said first threshold voltage; 

driving, with said driving signal, a second switchably conductive device 
independent from said first switchably conductive device characterized by a 
second threshold voltage of said given polarity greater than said first threshold 
voltage and connected between said nede output node of s;:.id integrated rim, .it 
and said voltage source, said second switchably conductive device having a 
control input connected to said driving signal to allow current conduction from 
said voltage source to said ro^ output node o f said intearatRd nirrnit when said 
voltage level of said driving signal is equal to and greater than said second 
threshold voltage and to disallow said current conduction when said voltage level 
of said driving signal is less than said second threshold voltage. 

8-11. (Canceled) 

12. (Currently Amended) A method for reducing the slew rate of 
transition edges of a digital signal on a n od o an output node of an integrated 
circuit, comprising: • 

connecting a first switchably conductive device characterized by a first 
threshold voltage of a given polarity between said nod© output node of said 
integrated circuit and a voltage source, said first switchably conductive device 
having a control input connected to a first input signal to allow current conduction 
from said voltage source to said Rode output node of said inteoratfiri rirr.iif when 
a voltage level of said first input signal is equal to and less than said first 
threshold voltage and to disallow said current conduction when said voltage level 
of said first input signal is greater than said first threshold voltage; 
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connecting a second switchably conductive device independent from said 
first switchably conductive device characterized by a second threshold voltage of 
said given polarity less than said first threshold voltage between said node output 
node of said integrated circuit and said voltage source, said second switchably 
conductive device having a control input connected to a second input signal to 
allow current conduction from said voltage source to said node output node of 
said integrated circuit when a voltage level of said, second input signal is equal to 
and less than said second threshold voltage and to disallow said current 
conduction when said voltage level of said second input signal is greater than 
said second threshold voltage; and 

connecting a driving signal as said first input signal of said first switchably 
conductive device and as said second input signal of said second switchably 
conductive device; 

wherein said first switchablv conductive device and said second . 
s witchably conductive device together operate to reduce the slew rate of 
transition edges of said outp ut signal driven onto said output pad of said 
integrated circuit . 

13. (Currently Amended) A method In accordance with claim 12, 
comprising: 

connecting between said ROde output node of said integrated circuit and 
said voltage source one or more additional independent switchably conductive 
devices each characterized by a respective threshold voltage of said given 
polarity but different than said first threshold voltage, said second threshold 
voltage, and each other respective threshold voltage, each said one or more 
additional switchably conductive devices having a respective control input 
connected to a respective input signal to allow current conduction from said 
voltage source to said flede output node of said integrated circuit when a voltage 
level of said respective input signal is equal to and less than said respective 
threshold voltage and to disallow said current conduction when said voltage level 
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of said respective input signal is greater than said respective threshold voltage; 



and 



connecting said driving signal as said respective input signal of said 
respective switch of each of said respective one or more additional switchably 

conductive devices; 

wherein said first switchably ronductiva ri^vir,. s aid second ^wif^h.h.y 
conductive di^vice. and said respective on» nr mor» additinn^i m^op^^H^.. 
switchably conductive devices together np ^rafe to reduce thP <.l^,., r.f^ of 
transition edges of said output sional driv e n onto said output pad of sairi 
integrated circuit 

14. (Currently Amended) An output driver th at drives »n o..fp ..t ci^r,^i 
onto an output nad ^nnnrnf,. fnr rnH ,. . i n .. .|^,,. r^ t n n ft rin il i ii.i ujyu t u f u 
d i Qit n i signa l on a nod u of an integrated circuit, comprising: 

a first switchably conductive device characterized by a first threshold 
voltage of a given polarity, said first switchably conductive device connected 
between said nede output node of said inteor^tPd circuit and voltage source and 
having a control input connected to a driving signal to allow current conduction 
from said voltage source to said nede output node of sa id intenr^ted m^, ,it when 
a voltage level of said driving signal is equal to and less than said first threshold 
voltage and to disallow said current conduction when said voltage level of said 
driving signal is greater than said first threshold voltage; and 

a second switchably conductive device independent from said first 
switchabfy conductive device characterized by a second threshold voltage of said 
given polarity less than said first threshold voltage, said second switchably 
conductive device connected between said oede output node of ^^in in>or^ rof^w 
circuit and said voltage source and having a control input connected to said 
driving signal to allow current conduction from said voltage source to said nede 
o utput node of said integrated rirn.it when a voltage level of said driving signal is 
equal to and less than said second threshold voltage and to disallow said current 
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conduction when said voltage level of safd driving signal is greater than said 
second threshold voltagei 

w herein said first switnhahly conductive ri^vic e and said sAnnnH 
switchably cnnductive devicP tnnpther nnpr;.t^ ro duce th^ ^l^u. r^.o »f 
transition edges of said o.itpnf signal drivf^n nnto c.,h ^..f p - ^t pad of s;.id 
integrated cimiitt 

15. (Previously Presented) An apparatus in accordance with claim 14, 
wherein said first switchably conductive device comprises a single field effect 
transistor (FET) and single second switchably conductive device comprises a 
single field effect transistor (FET). 

16. (Currently Amended) An apparatus in accordance with claim 14, 
comprising: 

one or more additional independent switchably conductive devices each 
characterized by a respective threshold voltage of said given polarity but different 
than said first threshold voltage, said second threshold voltage, and each other 
respective thresho/d voltage, each said one or more additional switchably 
conductive devices connected between said Rede output hnd^ r.f ...h .-.^^^..^^^ 
circuit and said voltage source and having a respective control input connected 
to said driving signal to allow current conduction from said voltage source to said 
Rede outpMt node of .said intPgrated rirr.iLfwhen said voltage level of said driving 
signal is equal to and less than said respective threshold voltage and to disallow 
said current conduction when said voltage level of said driving signal is greater 
than said respective threshold voltage; 

wherein said first switchably conductivp dpvine . said .sernnH ^wif^h.hiy 
conductive device, and said respective onP or mr ^ re addltinnpl inHp ponHo.> 
switchably conductive devices together np ^r^ te to red.icP thP slew rate of 
transition edges of said oiitniit signal rtrlvpn o nto said nntpnt pad of ^^iH 
integrated circuit 
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17. (Previously Presented). An apparatus in accordance with claim 16, 
wherein said first switchably conductive device comprises a single field effect 
transistor (FET) and single second switchably conductive device comprises a 
single field effect transistor (FET), and said one or more additional switchably 
conductive devices each comprises a single field effect transistor (FET). 

18. (Currently Amended) A method for controlling the slew rate of 

transition edges of a digital signal on a-ned© an.outEuLnode of an integrated 
circuit, said method comprising the steps of: 

driving, with a driving signal, a first switchably conductive device 

characterized by a first threshold voltage of a given polarity and connected 

between said nede output node of said integrated circuit and a voltage source, 

said first switchably conductive device having a control input connected to said 

driving signal to allow current conduction from said voltage source to said node 

output node of said integrated circuit wh^n a voltage level of said driving signal is 

equal to and less than said first threshold voltage and to disallow said current 

conduction when said driving signal is greater than said first threshold voltage; 

driving, with said driving signal , a second switchably conductive device 

independent from said first switchably conductive device characterized by a 

second threshold voltage of said given polarity less than said first threshold 

voltage and connected between said «©de output node of said integrated circuit 

and said voltage source, said second switchably conductive device having a 

control input connected to said driving signal to allow current conduction from 

said voltage source to said oede output node of said integrated circuit when said 

voltage level of said driving signal is equal to and less than said second threshold 

voltage and to disallow said current conduction when said voltage level of said 

driving signal is greater than said second threshold vbltagei 

wherein said first switchah lv conductive device and said second 

switchably conductiv e device together operate to reduce the slew rate nf 
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transition edges of said output signal driven onto said output pad of said 
integrated circuit . 

19. (Currently Amended) An output driver that drives an output sicnal 
onto an output pad apparatus for roductng th n n i nw mtn nf trnnr . mnn nHjnn nf p 
d i g i ta l signal on a nodo of an integrated circuit, comprising: 

a first field effect transistor (FET) device characterized by a first threshold 
voltage of a given polarity, said first FET device having a source connected to a 
voltage source, a drain connected to said Rede output node of said integrated 
circuit, and a gate coupled to a driving signal; and 

a second FET device characterized by a second threshold voltage of said 
given polarity and different than said first threshold voltage, said second FET 
device having a source connected to said voltage source, a drain connected to 
said node output node of said integrated circuit , and a gate coupled to said 
driving signal. 

20. (Currently Amended) A method for reducing the slew rate of 
transition edges of a digital signal on a-nede an output node of an integrated 
circuit, comprising: 

connecting a source of a first field effect transistor (FET) device to a 
voltage source, a drain of said first FET to said node output node of said 
integrated circuit , and a gate of said first FET to a driving signal, said first FET 
characterized by a first threshold voltage of a given polarity; and 

connecting a source of a second field effect transistor (FET) device to said 
voltage source, a drain of said second FET to said n od e output node of said 
integrated circuit , and a gate of said second FET to said driving signal, said first 
FET characterized by a second threshold voltage of said given polarity but 
different than said first threshold voltage; 
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Wherein said first field effect tr ansistor rFETVand safd second field effenf 
transistor (FET) together operate to r educe the slew rate of transition edg es nf 
said outpu t signal driven onto said output pad of said integrated cirnuit 

21. (Currently Amended) A method for controlling the slew rate of 
transition edges of a digital signal on o node an output node of an integrated 
circuit, said method comprising the steps of: 

driving a gate of a first field effect transistor (FET) device with a driving 
signal, said first FET device characterized by a first threshold voltage of a given 
polarity and having a source connected to voltage source and a drain connected 
to said rb4b output node of said integrated circuit : and 

driving a gate of a second field effect transistor (FET) device with a driv/ng 
signal, said second FET device characterized by a second threshold voltage of 
said given polarity and different than said first threshold voltage and having a 
source connected to voltage source and a drain connected to said Rede output 
node of said integrated circuit: 

wherein said first field e ffect transistor (FET) and said second field effect 
transistor (FET) together operate to reduce the slew rate of transition edges of 
said output signal driv en onto said output pad of said integrated circuit . 
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